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(54) Method for producing DNA chip 



(57) A PGR product is prepared by PCR-amplifying 
a DNA fragment. After that, the PGR product is dried to 
prepare DNA powder. Subsequently, the DNA powder 
is charged into a sample-pouring port of each of micro- 
pipettes (34) of a dispenser (30). Subsequently, a buffer 



solution is poured from the sample-pouring port (52) into 
a cavity (56) to prepare a sample solution. After com- 
pletion of the preparation of the sample solution in the 

cavity (56), an actuator section (58) is driven to dis- 
charge and supply the sample solution onto a base plate 
(10). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a method for 
producing a DNA chip (DNA microarray) in which sev- 
eral thousands to not less than ten thousands kinds of 
different types of DNA fragments are aligned and fixed 
as minute spots at a high density on a base plate such 
as a microscopic slide glass. 

Description of the Related Art: 

[0002] The method for analyzing the genetic structure 
has been remarkably progressed in recent years, A 
large number of genetic structures represented by those 
of human gene have been clarified. The analysis of the 
genetic structure as described above uses a DNA chip 
(DNA microarray) in which several thousands to not less 
than ten thousands kinds of different types of DNA frag- 
ments are aligned and fixed as minute spots on a base 
plate such as a microscopic slide glass. 
[0003] In general, the DNA chip is produced by ar- 
ranging a plurality of minute spots of a sample solution 
containing DNA fragments on a base plate such as 
glass. Those widely used as a method for forming the 
minute spots are based on a system such as the QUILL 
system, the pin & ring system, and the solid pin system 
in which a sample solution containing DNA fragments is 
supplied (stamped) onto the base plate by using a so- 
called pin. Even when anyone of the foregoing methods 
is adopted, it is necessary to suppress the dispersion of 
the volume and the shape of each of the minute spots 
to be low so that the distance between the respective 
minute spots is maintained to be constant. 
[0004] The PGR amplification step is used to prepare 
the sample solution containing the DNA fragments. The 
sample solution is often used while performing the am- 
plification up to an amount of liquid required for the spot 
starting from a slight amount of original DNA. The 
amount of liquid obtained by the amplification is about 
several tens microliters, and the reagents required for 
the amplification are expensive. Therefore, it is demand- 
ed to increase the efficiency of the use of the obtained 
liquid. 

[0005] On the other hand, in order to realize a higher 

spot density, it is also greatly expected to develop a new 
method in which the shape control performance is sat- 
isfactory for the minute spot, and the productivity is ex- 
cellent. 

[0006] When the minute spots are formed on the base 
plate by supplying the sample solution, the sample so- 
lution is prepared by PCR-amplifying a DNA fragment 
in a preparation vessel such as a cartridge beforehand 
to prepare a PGR product, drying the obtained PGR 
product to give DNA powder, and dissolving the ob- 



tained DNA powder in a buffer solution. 
[0007] The sample solution is charged in a supply ap- 
paratus. The sample solution is supplied onto the base 
plate by using the supply apparatus to form the minute 

5 spots on the base plate. 

[0008] In this procedure, the step of preparing the 
sample solution and the step of supplying the sample 
solution are separate from each other. Therefore, it is 
necessary to additionally perform the management be- 

10 tween the steps, and it is required to provide an equip- 
ment for presen/ing the sample solution. Further, the 
sample solution more probably contacts with the atmos- 
pheric air, and hence it is feared that the quality of the 
sample solution is deteriorated. 

15 [0009] Further, the following problem arises because 
the sample solution is prepared in the preparation ves- 
sel such as the cartridge. That is, when the sample so- 
lution after the preparation is transferred to a pipette, a 
part of the sample solution remains in the cartridge. Fur- 

20 then when the sample solution is supplied to the supply 
apparatus by the aid of a pipette, a part of the sample 
solution also remains in the pipette. This procedure is 
also disadvantageous in the efficiency of utilization of 
the sample solution. 

25 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made taking 
the foregoing problems into consideration, an object of 
30 which is to provide a method for producing a DNA chip, 
which makes it possible to perform a series steps of the 
preparation of a sample solution to the supply process 
without deteriorating the quality of the sample solution, 
improve the efficiency of utilization of the sample solu- 
35 tion, realize the simplification of the preservation equip- 
ment for the sample solution, realize the inexpensive 
cost, and improve the quality of the DNA chip. 
[0011] According to the present invention, there is 
provided a method for producing a DNA chip by supply- 
40 ing a large number of sample solutions onto a base 
plate, comprising the steps of PCR-amplifying a DNA 
fragment to prepare a PGR product; drying the PGR 
product to prepare DNA powder; supplying the DNA 
powder into a solution supply apparatus; and supplying 
45 a buffer solution into the supply apparatus to prepare a 
sample solution; wherein the sample solution in the sup- 
ply apparatus is supplied onto the base plate by using 
the supply apparatus to produce the DNA chip. 
[0012] That is, in the present invention, the process 
50 for mixing the DNA powder and the buffer solution to 
prepare the sample solution, and the step of supplying 
the sample solution onto the base plate are performed 
in the identical supply apparatus. By doing so, the sam- 
ple solution in the preparation vessel is moved in a pow- 
55 der state into the supply apparatus. Accordingly, it is 
possible to reduce any sample residue adhered, for ex- 
ample, to the vessel wall in the preparation vessel. Fur- 
ther, for example, it is unnecessary to use any pipette 
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to move or transfer the sample. Thus, it is possible to 
avoid the occurrence of any residue of the sample re- 
mained and discarded in tlie pipette. 
[001 3] According to another aspect of the present in- 
vention, there is provided a method for producing a DNA 
chip, comprising the steps of PCR-amplifying a DNA 
fragment to prepare a PGR product; supplying the pre- 
pared PGR product into a solution supply apparatus; 
drying the PGR product in the supply apparatus to pre- 
pare DNA powder; and supplying a buffer solution into 
the supply apparatus to prepare a sample solution; 
wherein the sample solution in the supply apparatus is 
supplied onto the base plate by using the supply appa- 
ratus to produce the DNA chip. 
[0014] That is, in the present invention, the process 
for drying the PGR product to prepare the DNA powder, 
and the process for mixing the DNA powder and the buff- 
er solution to prepare the sample solution are performed 
in the identical supply apparatus. 
[0015] Accordingly, it is possible to reduce the loss 
which would be otherwise caused, for example, by any 
scattering of the sample in the drying step. Thus, it is 
possible to improve the efficiency of utilization of the 
sample solution. Further, the series of operations, i.e., 
from the preparation of the DNA powder to the supply 
process, are performed in one supply apparatus. There- 
fore, the sample solution scarcely contacts with the at- 
mospheric air. Thus, it is possible to avoid any deterio- 
ration of the quality of the sample solution. 
[0016] According to still another aspect of the present 
invention, there is provided a method for producing a 
DNA chip, comprising the steps of PGR-amplifying a 
DNA fragment to prepare a PGR product in a solution 
supply apparatus; drying the PGR product in the supply 
apparatus to prepare DNA powder; and supplying a 
buffer solution into the supply apparatus to prepare a 
sample solution; wherein the sample solution in the sup- 
ply apparatus is supplied onto the base plate by using 
the supply apparatus to produce the DNA chip. 
[0017] That is, in the present invention, the series of 
steps ranging from the PGR amplification to the supply 
process are performed in the identical supply apparatus. 
Accordingly, the steps from the preparation of the sam- 
ple solution to the supply process can be performed in 
accordance with the series of steps without deteriorating 
the quality of the sample solution. Further, it is possible 
to realize the simplification of the preservation equip- 
ment for the sample solution . It is possible to reduce the 
cost and improve the quality of the DNA chip. 
[0018] It is unnecessary to perform any step of trans- 
ferring the sample solution to another vessel. Therefore, 
it is possible to further improve the efficiency of utiliza- 
tion of the sample solution. Further, the steps ranging 
from the amplification of DNA to the supply process are 
performed on one supply apparatus. Therefore, the 
sample solution scarcely contacts with the atmospheric 
air, and thus it is possible to avoid any deterioration of 
the quality of the sample solution. 



[0019] According to still another aspect of the present 
invention, there is provided a method for producing a 

DNAchip, comprising the step of PGR-amplifying a DNA 
fragment to prepare a PGR product in a solution supply 
5 apparatus; wherein the sample solution after prepara- 
tion in the supply apparatus is supplied onto the base 
plate by using the supply apparatus to produce the DNA 
chip. 

[0020] That is, the PGR product, which is obtained by 
10 the PGR amplification in the supply apparatus, is directly 

supplied onto the base plate, 

[0021] By doing so, in addition to the respective func- 
tions and effects of the inventions described above, the 
step of preparing the sample solution in the vessel is 

15 simplified. It is possible to efficiently produce the DNA 
chip in a short period of time. If any component, which 
inhibits the hybridization action after the produce of the 
DNA chip, included in any reagent used during the am- 
plification, exists in the solution containing the PGR 

20 product in the supply apparatus, it is also preferable to 
pour a reagent to neutralize the action thereof. 
[0022] It is preferable that the sample solution is sup- 
plied in accordance with an ink-jet system. In this case, 
it is preferable that the supply apparatus is a dispenser 

25 comprising a plurality of arranged micropipetteseach in- 
cluding a pouring port for pouring the sample solution 
from the outside, a cavity for pouring and charging the 
sample solution thereinto, and a discharge port for dis- 
charging the sample solution, formed on at least one or 

30 more substrates, the micropipette further including a pi- 
ezoelectric/electrostrictive element disposed on at least 
one wall surface of the substrate which forms the cavity 
so that the sample solution is movable in the cavity, and 
mutually different types of the sample solutions being 

35 discharged from the discharge ports of the respective 
micropipettes. 

[0023] Accordingly, the sample solution is prepared 
by perfonning the steps of pouring, for example, the 
DNA powder obtained by drying each of the different 

40 kinds of PGR products, each of the different kinds of 
PGR products, original DNA before the PGR amplifica- 
tion and the buffer solution to dissolve the DNA powder 
therein, or PGR amplification reagents (for example, 
primers, enzyme, PGR buffer solution, dNTP's, distilled 

45 water) from the pouring ports into the plurality of cavities, 
and optionally drying the PGR product at the pouring 
port portion to prepare the DNA powder. After that, the 
piezoelectric/electrostrictive element is driven, and thus 
the different types of the sample solutions in the plurality 

50 of cavities can be discharged from the discharge ports 
to produce the DNAchip. 

[0024] As described above, the supply apparatus 
based on the ink-jet system, in which the volume of the 
portion for storing the sample in the supply apparatus is 
55 about several to several tens microliters, is suitable, for 
example, for the preparation of the sample solution, the 
amplification, the purification, and the production in the 
supply apparatus. The foregoing function can be simul- 
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taneously possessed, in addition to the formation of tlie 
spots onto the base plate as the original function of the 
supply apparatus. It is possible to produce the DNA chip 
extremely efficiently. Further, as described later on, 
when the supply apparatus itself is made of ceramics 
which has a good thermal conductivity, for example, as 
compared with glass and plastics, the supply apparatus 
is preferred for the PGR amplification in which the ther- 
mal cycle is performed. 

[0025] It is also preferable that completion of prepa- 
ration of the sample solution in each of the plurality of 
cavities is recognized by sensing a change of a fluid 
characteristic in the cavity. The piezoelectric/electros- 
trictive element, which is formed on at least one wall sur- 
face of the substrate for forming the cavity, functions as 
a sensor for sensing the physical characteristic of the 
liquid in the cavity. Accordingly it is possible to accu- 
rately detect the completion of preparation. 
[0026] The above and other objects, features, and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 
junction with the accompanying drawings in which a pre- 
ferred embodiment of the present invention is shown by 
way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

FIG. 1 A shows a plan view illustrating an arrange- 
ment of a dispenser to be used for a method for pro- 
ducing a DNA chip according to an embodiment of 
the present invention; 
FIG. 1 B shows a front view thereof; 
FIG. 1C shows a magnified plan view illustrating 
one micropipette for constructing the dispenser; 
FIG. 2 shows a longitudinal sectional view illustrat- 
ing an arrangement of the micropipette; 
FIG. 3 shows a perspective view illustrating a shape 
of a flow passage including a cavity formed in a sub- 
strate of the micropipette; 
FIG. 4 shows an exploded perspective view illus- 
trating the dispenser together with a cartridge; 
FIG. 5 shows a perspective view illustrating the 
DNA Chip to be produced; 

FIG, 6 illustrates a production method according to 
a first embodiment; 

FIG. 7 illustrates a production method according to 

a second embodiment; 

FIG. 8 illustrates a production method according to 
a third embodiment; and 

FIG. 9 illustrates a production method according to 
a fourth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Exemplary embodiments of the method for 



producing the DNA chip according to the present inven- 
tion will be explained below with reference to FIGS. 1 to 
9. 

[0029] A dispenser 30 as shown in FIGS. 1 A to 1C 
5 and 2 is used for the method for producing the DNA chip 

according to the embodiment of the present invention. 
[0030] The dispenser 30 includes, for example, ten 
micropipettes 34 which are arranged in five rows and 
two columns on the upper surface of a fixation plate 32 

10 having a rectangular configuration. A group of the mi- 
cropipettes 34, which are aligned in the direction of the 
respective columns, are fixed on the fixation plate 32 by 
the aid of a fixing jig 36 respectively 
[0031] As shown in FIGS. 1 C and 2, the micropipette 

15 34 comprises a sample-pouring port 52 which is formed 
at the upper surface of a substrate 50 having a substan- 
tially rectangularparallelepiped-shaped configuration, a 
sample discharge port 54 which is formed at the lower 
surface of the substrate 50, a cavity 56 which is formed 

20 at the inside between the sample-pouring port 52 and 
the sample discharge port 54, and an actuator section 
58 which is used to vibrate the substrate 50 or change 
the volume of the cavity 56. 

[0032] As shown in FIG. 2, through-holes 40 are pro- 
25 vided through the fixation plate 32 at portions corre- 
sponding to the sample discharge ports 54 of the micro- 
pipettes 34 respectively. Accordingly, a sample solution, 
which is discharged from the sample discharge port 54 
of the micropipette 34, is supplied through the through- 
30 hole 40, for example, to a base plate 1 0 which is fixed 
under the fixation plate 32. 

[0033] An introducing bore 60 having a substantially 
L-shaped configuration with a wide opening width is 
formed over a region ranging from the sample-pouring 

35 port 52 to the inside of the substrate 50 in the micropi- 
pette 34. A first communication hole 62 having a small 
diameter is formed between the introducing bore 60 and 
the cavity 56. The sample solution, which is poured from 
the sample-pouring port 52, is introduced into the cavity 

40 56 through the introducing bore 60 and the first commu- 
nication hole 62. 

[0034] A second communication hole 64, which com- 
municates with the sample discharge port 54 and which 
has a diameter larger than that of the first communica- 

45 tion hole 62, is formed at a position different from that 
of the first communication hole 62, of the cavity 56. In 
the embodiment of the present invention, the first com- 
munication hole 62 is formed at the lower surface of the 
cavity 56. The position of the first communication hole 

50 62 is deviated toward the sample-pouring port 52. The 
second communication hole 64 is formed at the position 
of the lower surface of the cavity 56 as well correspond- 
ing to the sample discharge port 54. 
[0035] Further, in this embodiment, the portion of the 

55 substrate 50, with which the upper surface of the cavity 
56 makes contact, is thin-walled to give a structure 
which tends to undergo the vibration with respect to the 
external stress so that the portion functions as a vibrat- 
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ing section 66. The actuator section 58 is formed on tlie 
upper surface of the vibrating section 66. 
[0036] The substrate 50 is constructed by laminating 
a plurality of green sheets made of zirconia ceramics 
(first thin plate layer 50A, first spacer layer SOB, second 
thin plate layer 50C, second spacer layer 50D, third 
spacer layer 50E, and third thin plate layer 50F), fol- 
lowed by sintering into one unit. 
[0037] That is, the substrate 50 is constructed by lam- 
inating the thin-walled first thin plate layer 50A which is 
formed with a window for constructing the sample-pour- 
ing port 52 and which constitutes a part of the vibrating 
section 66, the thick-walled first spacer layer 50B which 
is formed with a part of the introducing bore 60 and a 
plurality of windows for constructing the cavity 56 re- 
spectively, the thin-walled second thin plate layer 50C 
which is formed with a part of the introducing bore 60 
and a plurality of windows for constructing a part of the 
second communication hole 64 and the first communi- 
cation hole 62 respectively, the thick-walled second 
spacer layer 50D which is formed with a plurality of win- 
dows for constructing a part of the introducing bore 60 
and a part of the second communication hole 64 respec- 
tively, the thick-walled third spacer layer 50E which is 
formed with a window for constructing a part of the sec- 
ond communication hole 64, and the thin-walled third 
thin plate layer 50F which is formed with a window for 
constructing the sample discharge port 54, followed by 
sintering into one unit. 

[0038] The actuator section 58 is constructed to have 
the vibrating section 66 described above as well as a 
lower electrode 70 wh ich is directly formed on the vibrat- 
ing section 66, a piezoelectric layer 72 which is com- 
posed of, for example, a piezoelectric/electrostrictive 
layer or an anti-ferroelectric layer formed on the lower 
electrode 70, and an upper electrode 74 which is formed 
on the upper surface of the piezoelectric layer 72. 
[0039] As shown in FIG. 1C, the lower electrode 70 
and the upper electrode 74 are electrically connected to 
an unillustrated driving circuit via a plurality of pads 76, 
78 which are formed on the upper surface of the sub- 
strate 50 respectively. 

[0040] The micropipette 34 constructed as described 

above is operated as follows. That is, when an electric 
field is generated between the upper electrode 74 and 
the lower electrode 70, then the piezoelectric layer 72 
is deformed, and the vibrating section 66 is deformed in 
accordance therewith. Accordingly, the volume of the 
cavity (pressurizing chamber) 56 contacting with the vi- 
brating section 66 is decreased or increased. 
[0041] When the volume of the cavity 56 is decreased, 
the sample solution charged in the cavity 56 is dis- 
charged at a predetermined speed from the sample dis- 
charge port 54 which communicates with the cavity 56, 
As shown in FIG. 5, it is possible to produce a DNA chip 
20 in which the sample solutions discharged from the 
micropipettes 34 are aligned and fixed as minute spots 
80 on a base plate 1 0 such as a microscopic slide glass. 



When the volume of the cavity 56 is increased, the sam- 
ple solution is newly poured and charged from the first 
communication hole 62 into the cavity 56 to make pro- 
vision for the next discharge. 
5 [0042] An apparatus structure based on the so-called 
ink-jet system may be adopted as the structure in which 
the volume of the cavity 56 is decreased in accordance 
with the driving of the actuator section 58 (see Japanese 
Laid-Open Patent Publication No. 6-40030). 
[0043] The cavity (pressurizing chamber) 56 is 
formed to have such a flow passage dimension that the 
sample solution containing DNA fragments or the like is 
moved without any turbulence. 
[0044] That is, the dimension of the cavity 56 differs 
depending on the type of the sample, the size of liquid 
droplets to be prepared, and the density of spotting for- 
mation. However, for example, when DNA fragments 
which length is about 1 to 10,000 base pairs are dis- 
solved in a X 1 TE buffer solution at a concentration of 
not more than 100 \iQf\i\, and a sample, which is ob- 
tained by mixing with an aqueous solution containing an 
equivalent amount of polymer, is supplied at a pitch of 
50 to 600 \im to give a liquid droplet diameter of 30 to 
500 |Lim(|), then it is preferable that the cavity length (L) 
is 1 to 5 mm, the cavity width (W) is 0.1 to 1 mm, and 
the cavity depth (D) is 0.1 to 0.5 mm as shown in FIG. 
3. It is preferable that the inner wall of the cavity 56 is 
smooth without involving any projection to disturb the 
flow. It is more preferable that the material of the cavity 
56 is made of ceramics which has good affinity with re- 
spect to the sample solution. 

[0045] When the shape as described above is adopt- 
ed, the cavity 56 can be used as a part of the flow pas- 
sage ranging from the sample-pouring port 52 to the 
sample discharge port 54. The sample can be intro- 
duced to the sample discharge port 54 without disturb- 
ing the flow of the sample solution which is moved from 
the sample-pouring port 52 via the introducing bore 60 
and the first communication hole 62 to the inside of the 
cavity 56. 

[0046] The substrate 50 is the sintered product ob- 
tained by laminating the zirconia ceramics into one unit 
as described above. Alternatively, the substrate 50 may 
be a bonded product composed of a sintered matter of 
zirconia ceramics formed with the actuator section 58, 
and a metal or resin film or the like. Especially, the thin 
plate layer 50F, in which the sample discharge port 54 
is formed, is preferably a sheet obtained by processing 
an organic resin such as a PET film by means of an ex- 
cimer laser or the like, or a sheet obtained by punching 
a metal such as a stainless steel film with a punch and 
die or the like, considering the matching with the 
processing method therefor. 

[0047] The sizes of the sample discharge port 54 and 
the first communication hole 62 are optimally designed 
depending on, for example, the physical property, the 
discharge amount, and the discharge speed of the sam- 
ple solution to be discharged. However, they are preter- 
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ably about 10 to 100 ]xrr\f^. 

[0048] As Shown in FIG. 1 A, a plurality of pins 38 for 
positioning and fixing the micropipettes 34 are provided 
on the upper surface of the fixation plate 32. When the 
micropipette 34 is fixed on the fixation plate 32, the mi- 
cropipette 34 is placed on the fixation plate 32 while in- 
serting the pins 38 of the fixation plate 32 into positioning 
holes 90 (see FIG. 1C) provided at the both sides of the 
substrate 50 of the micropipette 34. Thus, a plurality of 
micropipettes 34 are automatically aligned and posi- 
tioned with a predetermined array arrangement. 
[0049] Each of the fixing jigs 36 has a holder plate 1 00 
for pressing the plurality of micropipettes 34 against the 
fixation plate 32. Insertion holes for inserting screws 1 02 
thereinto are formed through both end portions of the 
holder plate 100. When the screws 102 are inserted into 
the insertion holes, and they are screwed into the fixa- 
tion plate 32, then the plurality of micropipettes 34 can 
be pressed against the fixation plate 32 by the aid of the 
holder plate 1 00 at once. One unit is constructed by the 
plurality of micropipettes 34 which are pressed by one 
holder plate 100. The example shown in FIG. 1A is il- 
lustrative of the case in which one unit is constructed by 
the five micropipettes 34 which are arranged in the di- 
rection of the column. 

[0050] The holder plate 1 00 is formed with introducing 
holes 104 (see FIG. 1 B) which are used to supply the 
sample solutions to the portions corresponding to the 
sample-pouring ports 52 of the respective micropipettes 
34 respectively when the plurality of micropipettes 34 
are pressed. Tubes 106 for introducing the sample so- 
lution to the introducing holes 1 04 respectively are held 
at upper end portions of the respective introducing holes 
104. 

[0051] Considering the realization of the efficient wir- 
ing operation, it is preferable that the width of the holder 
plate 1 00 resides in such a dimension that the pads 76, 
78 connected to the respective electrodes 70, 74 of the 
actuator section 58 are faced upwardly when the plural- 
ity of micropipettes 34 are pressed against the fixation 
plate 32, 

[0052] As described above, the dispenser 30 is con- 
structed such that the plurality of micropipettes 34 each 
having the sample-pouring port 52 and the sample dis- 
charge port 54 are provided in an upstanding manner 
with the respective sample discharge ports 54 directed 
downwardly. 

[0053] That is, the respective micropipettes 34 are 

aligned and arranged such that the respective sample- 
pouring ports 52 are disposed on the upper side, the 
sample discharge ports 54 are disposed on the lower 
side, and the respective sample discharge ports 54 are 
aligned two-dimensionally. Sample solutions of mutually 
different types are discharged from the sample dis- 
charge ports 54 respectively. 

[0054] When the dispenser 30 constructed as de- 
scribed above is used, several methods are available to 
supply the sample solutions of mutually different types 



con^esponding to the respective sample-pouring ports 
52. That is, as shown in FIG. 4, for example, a method 
is available, which is based on the used of a cartridge 
112 arranged with a large number of recesses (storage 

5 sections) 110 each having a substantially V-shaped 
cross section. For this method, for example, the follow- 
ing procedure is available. That is, the mutually different 
sample solutions are poured into the respective recess- 
es 1 1 0 of the cartridge 1 1 2. The cartridge 1 1 2 is attached 

10 so that the respective recesses 110 correspond to the 
tubes 106 respectively. The bottoms of the respective 
recesses 110 are opened with needles or the like. Ac- 
cordingly, the sample solutions in the respective recess- 
es 1 1 0 are supplied via the tubes 1 06 to the respective 

15 micropipettes 34. 

[0055] When the tubes 1 06 are not used, for example, 
the following method is available. That is, the cartridge 
1 1 2 is attached so that the respective recesses 1 1 0 cor- 
respond to the respective introducing holes 104 of the 

20 fixing jig 36. The bottoms of the respective recesses 1 1 0 
are opened with needles or the like. Accordingly, the 
sample solutions in the respective recesses 110 are 
supplied via the introducing holes 1 04 to the respective 
micropipettes 34. Alternatively, needles or the like may 

25 be formed in the vicinity of the respective introducing 
holes 104 of the fixing jig 36 so that the respective re- 
cesses 110 may be opened simultaneously with the at- 
tachment of the cartridge 112 to the fixing jig 36. 
[0056] Alternatively, it is also preferable to add a 

30 mechanism for feeding the gas or the like under the 
pressure afterthe opening to forcibly extrude the sample 
solutions. It is desirable to provide a mechanism for 
washing the space ranging from the sample-pouring 
port 52 to the sample discharge port 54 formed at the 

35 inside of the substrate 50 of each of the micropipettes 
34, for example, in order that several thousands to sev- 
eral tens thousands types or many kinds of DNA frag- 
ments are discharged as the minute spots 80 with good 
purity without involving any contamination. 

40 [0057] In the example shown in FIG. 1 A, the both ends 
of the holder plate 1 00 are tightened to the fixation plate 
20 by the aid of the screws 102. However, the holder 
plate 100 may be fixed in accordance with other meth- 
ods based on the mechanical procedure by using 

45 screws and springs, as well as based on an adhesive 
or the like. 

[0058] As described above, the substrate 50 for con- 
structing the micropipette 34 is formed of ceramics, for 
which it is possible to use, for example, fully stabilized 
50 zirconia, partially stabilized zirconia, alumina, magne- 
sia, and silicon nitride. 

[0059] Among them, the fully stabilized/partially sta- 
bilized zirconia is used most preferably, because the 
mechanical strength is large even in the case of the thin 
55 plate, the toughness is high, and the reactivity with the 
piezoelectric layer 72 and the electrode material is 
small. 

[0060] When the fully stabilized/partially stabilized zir- 
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conia is used as the material, for example, for the sub- 
strate 50, it is preferable that the portion (vibrating sec- 
tion 66), on which the actuatorsection 58 is formed, con- 
tains an additive such as alumina and titania. 
[0061] Those usable as the piezoelectric ceramic for 
the piezoelectric layer 72 for constructing the actuator 
section 58 include, for example, lead zirconate, lead ti- 
tanate, lead magnesium niobate, lead magnesium tan- 
talate, lead nickel niobate, lead zinc niobate, lead man- 
ganese niobate, lead antimony stannate, lead manga- 
nese tungstate, lead cobalt niobate, and barium titanate, 
as well as composite ceramics containing components 
obtained by combining any of them. However, in the em- 
bodiment of the present invention, a material containing 
a major component composed of lead zirconate, lead 
titanate, and lead magnesium niobate is preferably 
used, because of the following reason, 
[0062] That is, such a material has a high electrome- 
chanical coupling constant and a high piezoelectric con- 
stant. Additionally, such a material has small reactivity 
with the substrate material during the sintering of the 
piezoelectric layer 72, making it possible to stably form 
the product having a predetermined composition. 
[0063] Further, in the embodiment of the present in- 
vention, it is also preferable to use ceramics obtained 
by appropriately adding, to the piezoelectric ceramics 
described above, for example, oxides of lanthanum, cal- 
cium, strontium, molybdenum, tungsten, barium, nio- 
bium, zinc, nickel, manganese, cerium, cadmium, chro- 
mium, cobalt, antimony, iron, yttrium, tantalum, lithium, 
bismuth, andstannum, or a combination of any of them, 
or other compounds. 

[0064] For example, it is also preferable to use ceram- 
ics containing a major component composed of lead zir- 
conate, lead titanate, and lead magnesium niobate, and 
further containing lanthanum and/or strontium. 
[0065] On the other hand, it is preferable that the up- 
per electrode 74 and the lower electrode 70 of the ac- 
tuator section 58 are made of metal which is solid at 
room temperature and which is conductive. For exam- 
ple, it is possible to use metal simple substance of, for 
example, aluminum, titanium, chromium, iron, cobalt, 
nickel, copper, zinc, niobium, molybdenum, ruthenium, 
palladium, rhodium, silver, stannum, tantalum, tung- 
sten, iridium, platinum, gold, and lead, or alloy obtained 
by combining any of them, It is also preferable to use a 
cermet material obtained by dispersing, in the metal de- 
scribed above, the same material as that of the piezoe- 
lectric layer 72 or the substrate 50. 
[0066] Next, explanation will be made with reference 
to FIGS. 6 to 9 for the method for producing the DNA 
chip according to the embodiment of the present inven- 
tion based on the use of the dispenser 30. 
[0067] At first, a production method according to a first 
embodiment is shown in FIG. 6. A DNA fragment is am- 
plified to prepare a PGR product. After that, the PGR 
product is dried to prepare DNA powder. After that, the 
DNA powder is charged to the sample-pouring port 52 



of each of the micropipettes 34 via the introducing hole 
104 of the fixing jig 36 from each of the tubes 106 re- 
spectively. Subsequently, the buffer solution is poured 
from the sample-pouring port 52 into the cavity 56 to 

5 prepare the sample solution. After that, a voltage of such 
a degree as to excite the vibration may be applied to the 
actuatorsection 58 to agitate and mix the liquid charged 
in the cavity 56 to prepare the sample solution. After 
completion of the preparation of the sample solution in 

10 the cavity 56, the actuator section 58 is driven to dis- 
charge and supply the sample solution onto the base 
plate 10. 

[0068] Next, a production method according to a sec- 
ond embodiment is shown in FIG. 7. At first, a DNA f rag- 

15 ment is PCR-amplified to prepare a PGR product. After 
that, the PGR product is allowed to pass through the in- 
troducing hole 104 of the fixing jig 36 from each of the 
tubes 1 06 respectively, and it is charged into the cavity 
56 from the sample-pouring port of each of the micropi- 

20 pettes 34. 

[0069] After that, the substrate 50 is heated at a tem- 
perature of such a degree that DNA is not denatured. 
The PGR product is dried to prepare DNA powder. After 
that, a buffer solution is poured from the sample-pouring 

25 port 52 into the cavity 56 to prepare the sample solution . 
After that, a voltage of such a degree as to excite the 
vibration may be applied to the actuator section 58 to 
agitate and mix the liquid charged in the cavity 56 to 
prepare the sample solution. After completion of the 

30 preparation of the sample solution in the cavity 56, the 
actuatorsection 58 is driven to discharge and supply the 
sample solution onto the base plate 10. 
[0070] Next, a production method according to a third 
embodiment is shown in FIG. 8. At first, a DNA fragment 

35 is charged to the sample-pouring port 52 of each of the 
micropipettes 34 via the introducing hole 1 04 of the fix- 
ing jig 36 from each of the tubes 1 06 respectively. Sub- 
sequently, PGR amplification reagents (for example, 
primers, enzyme, PGR buffer solution, dNTP's, and dis- 

40 tilled water) are poured from the sample-pouring port 52 
into the cavity 56, After that, the substrate 50 is repeat- 
edly heated and cooled to perform the PGR amplifica- 
tion in the cavity 56. 

[0071] After that, the substrate 50 is heated at a tem- 
45 perature of such a degree that DNA is not denatured, 
The PGR product is dried to prepare DNA powder. After 
that, a buffer solution is poured from the sample-pouring 
port 52 into the cavity 56 to prepare the sample solution . 
After that, a voltage of such a degree as to excite the 
50 vibration may be applied to the actuator section 58 to 
agitate and mix the liquid charged in the cavity 56 to 
prepare the sample solution. After completion of the 
preparation of the sample solution in the cavity 56, the 
actuatorsection 58 is driven to discharge and supply the 
55 sample solution onto the base plate 1 0. 

[0072] Next, a production method according to a 
fourth embodiment is shown in FIG. 9. At first, a DNA 
fragment is charged to the sample-pouring port 52 of 
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each of the micropipettes 34 via the introducing hole 1 04 
of the fixing jig 36 from each of the tubes 106 respec- 
tively. Subsequently, PGR amplification reagents (for 
example, primers, enzyme, PGR buffer solution, 
dNTP's, and distilled water) are poured from the sam- 
ple-pouring port 52 into the cavity 56. After that, the sub- 
strate 50 is repeatedly heated and cooled to perform the 
PGR amplification in the cavity 56. After that, the actu- 
ator section 58 is driven to discharge and supply the 
sample solution onto the base plate 10. 
[0073] The following methods are available to heat 
the interior of the cavity 56. That is, the interior of the 
cavity 56 may be heated together with the fixation plate 
32 by using, for example, a heater. Alternatively, the 
substrate 50 may be heated by using, for example, laser 
beam, infrared ray, and electromagnetic wave. The fol- 
lowing methods are available to cool the interior of the 
cavity 56. That is, the interior of the cavity 56 may be 
cooled by allowing an air-cooling type or water-cooling 
type cooling plate to contact with the fixation plate 32. 
Alternatively, a cooling agent composed of , for example, 
alternative fron gas or liquid nitrogen may be sprayed 
onto the substrate 50. 

[0074] In the production method according to the third 
embodiment shown in FIG. 8, for example, the isopro- 
panol precipitation may be performed to concentrate ob- 
jective DNA after the PGR amplification in the cavity 56, 
in order to reduce the impurity concentration of the PGR 
product and improve the quality of the DNA chip. 
[0075] The following method is preferably adopted for 
the isopropanol precipitation. That is, at first, isopropyl 
alcohol is poured into the cavity 56 from the sample- 
pouring port 52. After that, a voltage of such a degree 
as to excite the vibration is applied to the actuator sec- 
tion 58 to agitate and mix the liquid charged in the cavity 
58. After that, the system is left to stand for about 20 
minutes. After that, the respective tubes 106 and the 
through-holes 40 are sealed with a tape or the like. The 
whole dispenser system 30 is applied to a centrifugal 
machine to precipitate objective DNA. After that, the so- 
lution is removed from the tube 106 by using a pipette 
or the like. Thus, objective DNA is preferably concen- 
trated. 

[0076] It is preferable that the completion of the PGR 
amplification in the cavity 56 and the completion of the 
preparation of the sample solution are recognized by 
sensing the change of the fluid characteristic in the cav- 
ity 56. 

[0077] In the present invention, the change of the fluid 
characteristic in the cavity 56 is recognized by applying 
a voltage in such a degree as to excite the vibration in 
the actuator section 58, and detecting the change of the 
electric constant caused by the vibration. Such a proce- 
dure for sensing the change of the fluid characteristic is 
disclosed, for example, in Japanese Laid-Open Patent 
Publication No. 8-201265. 

[0078] Specifically, the electric connection from a 
power source for driving the discharge is separated from 



the actuator section 58 at a predetermined interval by 
using a relay. Simultaneously, a means for measuring 
the resonance frequency is connected by using the re- 
lay. At this point of time, the impedance or the resonance 

5 frequency is electrically measured. 

[0079] Accordingly, it is possible to recognize, for ex- 
ample, whether or not the viscosity and the specific 
gravity of the liquid are those of the objective sample 
(liquid containing the DNA fragment or the like). That is, 

10 as for each of the micropipettes 34, the micropipette 34 
itself functions as a sensor. Therefore, it is also possible 
to simplify the structure of the micropipette 34. 
[0080] The actuator section 58 is driven under a driv- 
ing condition corresponding to the amount of liquid drop- 

15 lets suitable for the required spot diameter and the sam- 
ple solution is repeatedly supplied, Accordingly, the 
DNA chip 20 is produced. Usually, when one minute 
spot 80 is formed, one to several hundreds of droplet or 
droplets are discharged from the micropipette 34. 

20 [0081] When the amount of the sample in the sample- 
pouring port 52 is decreased, the discharge is continued 
by adding a buffer solution, purified water, or an aque- 
ous solution containing sodium chloride so that no bub- 
ble enters the inside of the flow passage. Accordingly, 

25 all of the sample can be used without allowing the sam- 
ple solution to remain in the micropipette 34. The com- 
pletion of the substitution from the sample to the substi- 
tution solution (completion of the sample discharge) is 
confirmed by detecting the viscosity and the specific 

30 gravity of the liquid by using the actuator section 58 in 
the same manner as described above. 
[0082] The substitution between the substitution so- 
lution and the sample solution in the cavity 56 is per- 
formed in a form of the laminar flow. However, when the 

35 type of the sample solution is changed or when the 
movement speed of the liquid is extremely fast, it is not 
necessarily indispensable to use the laminar flow at por- 
tions of the cavity 56 in the vicinity of the first communi- 
cation hole 62. In this case, the purge amount of the 

40 sample solution is increased due to the mixing of the 
sample and the substitution solution. However, it is pos- 
sible to suppress the increase in the purge amount to 
be minimum by judging the completion of the substitu- 
tion by sensing the change of the fluid characteristic in 

45 the cavity 56. 

[0083] It is preferable to use the substitution solution 
and the sample solution such that the existing gas in the 
solution is previously removed by performing the degas- 
sing operation . When such a solution is used, if any bub- 

50 ble obstructs the flow passage at an intermediate por- 
tion to cause the defective charge upon the charge of 
the solution into the flow passage of the micropipette 34, 
then the inconvenience can be avoided by dissolving the 
bubble in the solution. Further, no bubble is generated 

55 in the fluid during the discharge, and no defective dis- 
charge is caused. 

[0084] As described above, in the method for produc- 
ing the DNA chip according to the embodiment of the 
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present invention, the process for mixing the DNA pow- 
der and the buffer solution to prepare the sample solu- 
tion, the process for drying the PGR product to prepare 
the DNA powder followed by being mixed with the buffer 
solution to prepare the sample solution, or the process 
ranging from the PGR amplification to the preparation 
of the sample solution is performed in the identical dis- 
penser 30. 

[0085] Therefore, it is possible to perform the steps 
ranging from the preparation of the sample solution to 
the supply process or the steps ranging from the PGR 
amplification to the supply process can be performed in 
accordance with the series of steps without deteriorating 
the quality of the sample solution. Further, it is possible 
to realize the simplification of the preservation equip- 
ment for the sample solution. It is possible to reduce the 
cost and improve the quality of the DNA chip. It is un- 
necessary to perform any step of transferring the sam- 
ple solution to another vessel. Therefore, it is possible 
to improve the efficiency of utilization of the sample so- 
lution. Further, the steps ranging from the preparation 
of the sample solution to the supply process or the steps 
ranging from the PGR amplification to the supply proc- 
ess are performed in one dispenser 30. Therefore, the 
sample solution scarcely contacts with the atmospheric 
air. Thus, it is possible to avoid the deterioration of the 
quality of the sample solution. 
[0086] It is a matter of course that the method for pro- 
ducing the DNA chip according to the present invention 
is not limited to the embodiments described above, 
which may be embodied in other various forms without 
deviating from the gist or essential characteristics of the 
present invention. 



Claims 

1 . A method for producing a DNA chip (20) by supply- 
ing a large number of sample solutions onto a base 
plate (10), comprising the steps of: 

PGR-amplifying a DNA fragment to prepare a 
PGR product; drying said PGR product to pre- 
pare DNA powder; 

supplying said DNA powder into a solution sup- 
ply apparatus (30); and 
supplying a buffer solution into said supply ap- 
paratus (30) to prepare a sample solution, 

wherein: 

said sample solution in said supply apparatus 
(30) is supplied onto said base plate (1 0) by us- 
ing said supply apparatus (30) to produce said 
DNA chip (20). 

2. A method for producing a DNA chip (20) by supply- 
ing a large number of sample solutions onto a base 
plate (10), comprising the steps of: 



PGR-amplifying a DNA fragment to prepare a 
PGR product; 

supplying said prepared PGR product into a so- 
lution supply apparatus (30); 
5 drying said PGR product in said supply appa- 

ratus (30) to prepare DNA powder; and 
supplying a buffer solution into said supply ap- 
paratus (30) to prepare a sample solution, 
wherein: 

10 said sample solution in said supply apparatus 

(30) is supplied onto said base plate (1 0) by us- 
ing said supply apparatus (30) to produce said 
DNA chip (20). 

15 3. A method for producing a DNA chip (20) by supply- 
ing a large number of sample solutions onto a base 
plate (10), comprising the steps of: 

PGR-amplifying a DNA fragment to prepare a 
20 PGR product in a solution supply apparatus 

(30); 

drying said PGR product in said supply appa- 
ratus (30) to prepare DNA powder; and 
supplying a buffer solution into said supply ap- 
25 paratus (30) to prepare a sample solution, 

wherein: 

said sample solution in said supply apparatus 
(30) is supplied onto said base plate (1 0) by us- 
ing said supply apparatus (30) to produce said 
30 DNA chip (20). 

4. A method for producing a DNA chip (20) by supply- 
ing a large number of sample solutions onto a base 
plate (10), comprising the step of: 

35 

PGR-amplifying a DNA fragment to prepare a 
PGR product in a solution supply apparatus 
(30), wherein: 

said sample solution after preparation in said 
40 supply apparatus (30) is supplied onto said 

base plate (1 0) by using said supply apparatus 
(30) to produce said DNA chip (20). 

5. The method for producing said DNA chip according 
45 to any one of claims 1 to 4, wherein said sample 

solution is supplied in accordance with an ink-jet 
system. 

6. The method for producing said DNA chip according 
50 to any one of claims 1 to 5, wherein said supply ap- 
paratus (30) is a dispenser (30) comprising a plu- 
rality of arranged micropipettes (34) each including 
a pouring port (52) for pouring said sample solution 
from the outside, a cavity (56) for pouring and 

55 charging said sample solution thereinto, and a dis- 
charge port (54) for discharging said sample solu- 
tion, formed on at least one or more substrates (50), 
said micropipette (34) further including a piezoelec- 
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tric/electrostrictive element (58) disposed on at 
least one wall surface of said substrate (50) which 
forms said cavity (56) so that said sample solution 
is movable in said cavity (56), and mutually different 
types of said sample solutions being discharged 5 
from said discharge ports (54) of said respective mi- 
cropipettes (34). 

The method for producing said DN A chip according 
to claim 6, wherein completion of preparation of said io 
sample solution in each of said plurality of cavities 
(56) is recognized by sensing a change of a fluid 
characteristic in said cavity (56). 
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FIG. 6 
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FIG. 7 
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FIG.8 
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FIG. 9 
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